Objectives. To assess the cost-effectiveness of a brief physiotherapy pain management approach using cognitive-behavioural principles (Solution-Finding Approach) when compared with a commonly used traditional method of physical therapy (McKenzie Approach). Methods. Economic evaluation conducted alongside a randomized trial. The study related incremental differences in costs and benefits associated with the Solution Finding and McKenzie approaches over 12 months. Costs were measured in UK pounds sterling. Benefit was measured as health-related quality of life using the EQ-5D, which was used to estimate patient-specific quality adjusted life years (QALYs). Results. The McKenzie treatment required, on average, one extra physiotherapist visit (4.15 vs 3.10). Over a 12-month period, Solution Finding was associated with a lower per patient cost of £À24.4 (95% CI £À49.6 to £0.789). The mean difference in QALYs between the two groups was À0.020 (95% CI À0.057 to 0.017); favouring those receiving McKenzie. Relating incremental mean costs and QALYs gave an incremental cost effectiveness ratio of £1220 (À24.4/À0.020) suggesting the McKenzie treatment is cost effective. Conclusions. Results suggest that the additional cost associated with the McKenzie treatment when compared with the Solution Finding Approach may be worth paying, given the additional benefit the approach seems more likely to provide. Further research is needed to assess the extent to which the difference in physiotherapy visits between the two strategies is generalizable to other treatment settings.
Introduction
Musculoskeletal back and neck pain are both common. A recent UK survey estimated the (1-month period) prevalence of spinal pain to be 29% (95 CI 27-31%) [1] . The lifetime prevalence of these conditions is also high-it is estimated that $70-85% of the population will experience some spinal pain during their lifetime, although often pain will be transient [2] [3] [4] .
Such musculoskeletal conditions result in pain, loss of function and reduced quality of life. They are one of the most common reasons for primary care physician consultation in the UK [5] and the US [6] . In 1998, the cost of lower back pain alone to the UK National Health Service (NHS) was estimated at £1 billion [7] , with over £200 million being spent on physiotherapy. Spinal pain-related morbidity also results in work absenteeism and loss of productivity, which incurs additional costs to society that run into billions [4, [8] [9] [10] .
The treatment of non-specific musculoskeletal back and neck conditions in primary care is variable [11] . However, guidelines state that in the first instance patients should be encouraged to remain active, with the prescription of anti-inflammatory drug and/or analgesia where required [12, 13] . If, after a period of weeks, this approach is unsuccessful, a physiotherapy referral may be considered. In a US survey of primary care, 38% of patients presenting with non-serious and non-specific spinal problems were referred to a physical therapist [14] . In The Netherlands, 22% of patients also presenting with non-specific lower back pain were referred to a physiotherapist after their first consultation and 50% after a follow-up consultation [15] .
Physiotherapy treatments aimed at alleviating the physical causes of back and neck pain include: advice, exercise programmes, massage, mobilization and manipulation [16] , with varying amounts of research evidence regarding the clinical effectiveness [17] [18] [19] [20] [21] and cost effectiveness [22, 23] of these treatments. Conclusive recommendations are complicated by the range of different approaches available.
Additionally, a new type of intervention for treating back and neck pain has recently been developed, triggered by growing awareness that psychosocial factors play an important role in musculoskeletal complaints [24] [25] [26] [27] [28] . These behavioural interventions have different compositions depending on the specific theory underpinning the approach. A systematic review of such interventions in the treatment of back pain reported that cognitivebehavioural treatments that aim to modify the way patients view their pain, may be clinically effective when compared with waiting list controls and as effective as exercise therapy [29] . There is now a growing interest in the effectiveness of these interventions when delivered by physiotherapists in the place of more traditional physical therapies [30, 31] .
As with all medical decisions regarding the implementation of alternative treatment opinions, the cost effectiveness of physiotherapy treatments must be assessed. Whilst clinical data is vital for informing policy and practice; elucidating whether a treatment offers good value for money in terms of cost vs benefit must also be considered. A previous study has found that a brief physiotherapy-delivered intervention, based on cognitivebehavioural principles, may be cost effective when compared with a standard physiotherapy approach in the treatment of neck pain [32] . Physiotherapy-delivered exercise classes using a cognitivebehavioural approach have also been reported to reduce health costs and work absenteeism over 12 months, when compared with continued treatment in primary care [33] .
This study reports the cost-effectiveness analysis of data collected alongside a recently completed randomized controlled trial [34] . The trial compared two physiotherapists delivered interventions for musculoskeletal back and neck pain, which aimed to promote return to normal activities. The first of these, the Solution Finding Approach, was a brief physiotherapy intervention based on cognitive-behavioural principles. The approach takes a patient-centred view and, in this context, aims to help patients identify reasons for their pain and to provide solutions and long-term management strategies. The second approach was the more traditional biomechanical approach used by physiotherapists, the McKenzie approach, which involves classification of the patient's spinal condition and the prescription of specific therapeutic exercises. The McKenzie approach is commonly used by physiotherapists in the UK and has been assessed in numerous studies [35] .
Methods

Study design
Full details of the trial design are provided elsewhere [34] . Briefly, participants were recruited from general practitioner referrals to seven different NHS physiotherapy departments in West and East Yorkshire, UK. People were screened for potential inclusion into the trial if they were aged 18 or over and had suffered from back or neck pain that was considered to be non-systemic in origin for more than 2 weeks. Individuals with a score of less than 4 on the Roland Morris Disability Questionnaire [36] or less than 10 (9 if they were non-car drivers) on the Neck Pain Questionnaire [37] were excluded. Patients were also excluded if they had received any physical therapy within the previous 3 months or were currently planning to use private physical therapy alongside NHS physiotherapy; had possible serious pathology; were pregnant or had been referred by a hospital consultant. Ethical approval for the study was obtained from the relevant Research and Ethics Committees. All participants gave informed consent. The trial has been assigned the International Standardised Randomised Controlled Trial Number ISRCTN48919562. When recruited to the trial, participants were randomized into one of the following interventions.
Interventions
McKenzie approach. The system has been clearly documented [38] and is an approach commonly used by physiotherapists. The physiotherapist conducted a biomechanical assessment using repeated movements of the spine and, based on these findings, prescribed specific exercises for the patients to work on repeatedly themselves. The approach relies on active compliance with the exercises and advice provided. Follow up sessions to monitor progress were offered based on the physiotherapists' clinical discretion.
Solution finding approach. Based on cognitive-behavioural principles, this approach involves physiotherapists guiding patients in identifying any problems related to their pain, developing solutions and setting goals. Patients allocated to this approach received an initial assessment, which included an interview, a brief physical examination, explanation about the condition, reassurance and goal setting. One or two follow-up sessions were offered to guide progress.
Trial physiotherapists were trained to deliver either intervention. All the physiotherapists delivering the McKenzie approach were experienced in this method and had undertaken McKenzie Institute training (courses A-D). The physiotherapists also had a day's training with two senior physiotherapists, recognized by the McKenzie Institute, to familiarize them with the trial protocol and procedures. Since the Solution Finding Approach was a newly developed intervention, physiotherapists were provided with a day and a half of training that included evidence-based therapy and practical application of enhanced communication skills and cognitive-behavioural principles. More details of this are provided elsewhere [34] . A small observational study enabled a sample of the consultations to be scrutinized in depth [39] . This provided evidence that for the most part, although physiotherapists were asked to deliver both types of intervention, delivery of these was close to that described in the trial protocol.
After randomization to physiotherapy treatment approach, trial participants were also randomized to receive an educational booklet (the Back Book [39] or the Neck Book [40] ). This book was inexpensive (less than £1.30 per copy [23] ) and was delivered to (half of) both groups. It would not have caused incremental differences between trial arms and was therefore not considered in this economic analysis.
Resource use measurement
Contact with physiotherapist. The number of physiotherapy visits made by each participant was recorded by the treating physiotherapist over the duration of the trial. The physiotherapist also recorded the number of telephone calls they received from participants for consultation. To ensure that the length of the initial and subsequent physiotherapist's appointment for the McKenzie and Solution Finding approaches were accurately estimated, a survey of trial physiotherapists was conducted.
Additional resource use. At 6 and 12 months follow-up, each trial participant was asked to complete a postal questionnaire and case record form (CRF). The CRF recorded each participant's use of additional NHS resources by asking them to recall the number of visits to general practice, outpatient clinic or hospital specialists over the interim 6-month period. The CRF also asked participants to supply details of any private expenditure they had incurred due to their back or neck pain. This included appointments with any private health professionals or therapists, as well as the cost of any equipment purchased. Finally, participants were asked to record the number of days of work they had missed due to their back or neck pain if they were in paid employment. Participants not in paid employment were asked to record how many days of normal activities they had missed. In all cases where blanks were left on the CRF in response to resource use questions, we assumed a value of zero.
Unit costs
The cost-effectiveness analysis was carried out from the perspective of the UK Health Provider, the NHS [41] . Healthcare and private resources utilized by the trial participants and recorded in the CRF were valued using 2003-04 costs, in pounds sterling: adjusting of costs to this price year was undertaken where required. The cost of the physiotherapy treatment sessions in each trial arm was calculated using UK average physiotherapist costs [42] , which were applied to average session times provided by physiotherapists in the survey circulated. The unit cost of further NHS and private health professionals were taken from a recently published trial in this area [32] , and up-rated as required [42] . The cost of a private podiatrist visit was identified through a survey of local practitioners (n ¼ 10). The costs of items purchased by the participants were taken directly from the CRF. Table 1 shows the unit costs of healthcare resources. Given the time horizon of 12 months costs were not discounted. Private expenditure incurred by participants was not included in the base case analysis; following National Institute for Health and Clinical Excellence (NICE) guidelines for technology assessment this analysis was reported separately [41] .
Health outcomes
Each trial participant was asked to complete the Euro-Qol-5D questionnaire (EQ-5D) at baseline, 6 weeks, 6 months and 12 months. The EQ-5D questionnaire is a widely recognized and validated generic measure of health related quality of life [43] . It contains five questions, each covering a specific dimension: mobility, self-care, ability to undertake usual activity, pain/ discomfort. For each of the five questions there are three possible responses: no problems, moderate problems and severe problems. Based on their combined answers to the EQ-5D questionnaire, participants were classified as being in one of 243 possible health states (plus unconscious or dead). Each of these health states has an associated utility score, derived from interviews with a large sample of the UK population. These scores are on a scale of 0 (dead) to 1 (excellent health). Individual's EQ-5D values were used to calculate their specific Quality Adjusted Life Years (QALYs) at 12 months using the area under curve method [44, 45] . The use of QALYs is widely recognized and is the measure of health benefit used by NICE [41] , and has the advantage of reflecting both health-related quality of life and mortality into a single index. Given the time horizon of 12 months, QALYs were not discounted.
Cost-effectiveness analysis
Cost-effectiveness analysis was carried out by relating incremental costs at the end of the study period (i.e. mean costs for Solution Finding arm minus mean costs for McKenzie arm) to incremental QALYs (i.e. mean QALYs for Solution Finding arm minus mean QALYs for McKenzie arm). In relating incremental costs and QALYs one of the following scenarios could occur: In a cost-effectiveness analysis, if the results indicate either scenarios (a) or (b) above, then one approach is clearly more cost effective, that is, it dominates the other. However, if the results indicate scenario (c) then a 'decision rule' is required to assess which is the most cost effective treatment. The decision rule requires the calculation of the incremental cost-effectiveness ratio (ICER)-the ratio of the mean incremental costs and the mean incremental QALYs between the two trial arms. The ICER represents the additional cost that decision makers are (on average) expected to pay to achieve an additional QALY in this population. A treatment strategy is considered to be cost-effective if the decision maker's willingness to pay for an additional QALY is at least equal to (or greater than) the ICER.
To aid decision-making, the results from the cost-effectiveness analysis are combined with the 'decision rule' discussed earlier, and graphically presented through a cost-effectiveness acceptability curve (CEAC) [46, 47] . The CEAC shows the probability that Solution Finding is more cost-effective than McKenzie for a range of different amounts the decision-maker may be willing to pay for an additional QALY.
The analysis was carried out in STATA [48] . Mean incremental costs and QALYs between trial arms were calculated using bivariate normal regression, adjusting for baseline EQ-5D score [45] , whilst maintaining the correlation between costs and QALYs. For the base case analysis missing EQ-5D data were imputed using a multiple imputation approach [49, 50] , assuming that data were missing at random [51, 52] . Using this technique, missing values are imputed from a distribution based on the relationship between chosen study predictors and the variable of interest. Imputation is carried out from this distribution multiple times, leading to the creation of several data sets. The results from each data set are then pooled together into a single analysis [52] .
Sensitivity analyses
To further assess the impact of this missing data on the study results three additional analyses were carried out [53] . Firstly, complete case analysis was conducted. Secondly, where data were missing in each dimension of the EQ-5D, the mode value (calculated for each treatment arm) was imputed. Finally an extreme sensitivity analysis replaced missing EQ-5D data in the cost effective arm with the worst possible value (i.e. 3), the lowest EQ-5D dimension score, whilst missing EQ-5D data in the noncost effective arm was replaced with 1 (i.e. no problems).
Results
The clinical findings of this study suggested that both the McKenzie and Solution Finding approaches lead to improvements in patient outcomes over time, with no significant difference between the two treatments [34] . As indicated in the clinical report the findings of this cost effectiveness are vital in informing the decision-making process regarding the use of these treatments.
In total 315 participants took part in this trial, 161 participants were randomized to the McKenzie arm, and 154 to the Solution Finding arm. Four participants were excluded from the costeffectiveness analysis (one participant from the Solution Finding arm and three from McKenzie) since these participants did not contribute any cost or outcome data during follow-up.
Resource use
Details of resource use associated with the two trial treatments are reported in Table 2 . The McKenzie treatment required, on average, one extra subsequent visit to the physiotherapist (4.15 vs 3.10). Very few participants accessed their physiotherapist by phone contact during the trial. Uptake of further NHS services outside the trial treatments was limited and there was little difference between the two arms. Table 3 shows the costs associated with the resource use during the trial. From an NHS perspective the incremental mean cost between the two arms was £À24.4 (95% CI £À49.6 to £0.789), with the Solution Finding arm incurring a slightly lower cost to the NHS. This cost difference was attributed to the reduced mean physiotherapist visit in this group. The cost of private expenditure, excluding days usual activity lost, was slightly higher in the Solution Finding group, thus when NHS and private expenditure were combined the incremental mean cost was reduced to £À8.30 (95% CI £À72.8 to £56.3). However, a larger proportion of participants in the McKenzie trial arm missed at least 1 day of usual activity compared with the Solution Finding arm (26 vs 19%) , thus when the cost of number of days of usual activity lost was also included in the analysis, the cost of the McKenzie group further increased as did the incremental a Also costed per day lost of usual activity for those not employed but active.
mean cost in favour of the Solution Finding Approach £À117 (95% CI £À530 to £295). 
Health outcomes
Cost-effectiveness analysis
The results presented so far indicate that the Solution Finding Approach is slightly cheaper than the McKenzie approach but confers marginally lower benefit, hence resulting in scenario (c) as described in the Methods section. Relating the trial incremental mean costs and incremental mean QALYs gives an ICER of £1220 (À24.4/À0.020). The policy maker needs to decide whether she or he is willing to invest additional health care resources funding the McKenzie approach and pay an average of £1220 per patient, in order to acquire an additional unit of health outcome (e.g. QALY) in this patient population. Given that in the UK NICE is commonly quoted as regarding willingness to pay between £20 000 and £30 000 per additional QALY, these results suggest that the additional cost associated with the McKenzie treatment is worth paying, given the additional benefit it provides. Figure 1 confirms that as soon as a provider is willing to pay £1000 or more per additional QALY, the Solution Finding Approach has very little probability of being cost effective. Using the combined NHS and private cost, excluding days lost to usual activity, reduces the ICER further to £415 (À8.30/À0.020) in favour of McKenzie. When the cost of lost days are also included the ICER increases to £5850 (À117/À0.020), thus the McKenzie approach remains cost effective.
Sensitivity analyses
The mean difference in QALYs for the complete case analysis was À0.023 (95% CI À0.066 to 0.019), leading to an ICER or £1061 and a CEAC similar to Fig. 1 (Fig. 2) . When QALYs were calculated from EQ-5D scores where missing data were replaced by treatment arm-specific dimension's modes, the improvement in utility at each time point remained-however, the EQ-5D means at each follow-up period were consistently higher when compared with the base case analysis and the complete case analysis ( Table 4 ). The incremental mean QALYs over 12 months was larger compared with the base case and complete case analysis at À0.034 (95% CI À0.064 to À0.004), giving an ICER of £718-further reducing the likelihood of Solution Finding being cost effective (Fig. 3) .
To further investigate the impact of the missing EQ-5D data on the base case findings the results were challenged with an extreme sensitivity analysis (results not reported in the table). All missing EQ-5D dimension data in the cost effective approach were assumed to have the worst utility possible, while all missing EQ-5D dimension data in the Solution Finding arm, the best. In this situation the ICER is £À369 (À24.4/0.066), this results is described by scenario (a) in the Methods section, Solution Finding is both cheaper and more effective and thus dominates. However, this situation is extreme and thus unlikely to occur.
Discussion
This study reports the economic evaluation of a physiotherapistdelivered brief cognitive-behavioural intervention compared with the McKenzie physiotherapy approach in treating back and neck pain. The mean per patient cost of the McKenzie approach was £129, with the Solution Finding Approach offering approximately a £24 saving over the 12-month follow-up period. This saving represented one less visit to a physiotherapist in the Solution Finding Group. Whilst the McKenzie approach was, on average, the more costly approach, its additional patient benefit meant that it was more likely to be the cost-effective treatment, as shown in Fig. 1 . The McKenzie approach remained the cost-effective treatment in sensitivity analyses, unless the data were challenged with an extreme situation in terms of missing data. The McKenzie approach also remained the cost-effective option, when private and societal costs were included in the analysis. This finding highlights the importance of relating costs to benefits in an economic analysis rather than focusing on cost alone. When allocating health care resources from a limited budget, as in the NHS, decision makers aim to maximize public health benefit given available resources.
The clinical study that accompanies this cost-effectiveness analysis [34] suggested that both the McKenzie and Solution Finding Approach led to clinical improvements, measured using standard assessment instruments (Roland Morris Disability Questionnaire and Neck Pain Scores), with no significant difference in scores between the two trial arms. However, the McKenzie approach did increase patient satisfaction when compared with the Solution Finding Approach [34] . This cost effectiveness analysis further justifies use of the McKenzie approach in terms of value for money. When considering the generalizability of these findings, the costs used were NHS costs and thus represent physiotherapists working in the UK public sector. The McKenzie treatment was delivered by trained and experienced staff across a number of centres and is taken to represent normal practice. However, the Solution Finding Approach must be recognized as just one type of brief intervention. It might have been more effective if the physiotherapists had been trained to be more confident and competent in their delivery. As noted previously, the Solution Finding Approach was a new intervention with a fundamentally different emphasis from the traditional physiotherapy approach, which relies on clinical reasoning based mainly on pathology and biomechanics. The Solution Finding Approach required a change in mind set for the therapist and competence in the use of newly learned skills. The ability to apply cognitive-behavioural skills would be important and could be pivotal for its effectiveness. The participating physiotherapists were provided with a day and a half's training and additional supporting written material. They were also asked to practice the techniques on five patients prior to participating in the study. However, this may have been insufficient for optimal competence. In terms of cost differences, in this study a further reduction in costs (i.e. a reduction in the number of visits in the Solution Finding arm, or increase in the McKenzie arm) would, alone, have been unlikely to make the Solution Finding Approach cost-effective. An increase in patient benefit in the Solution Finding arm when compared with the McKenzie arm would also be required.
A previous cost-effectiveness analysis of a UK randomized controlled trial has compared the costs and benefits of a brief physiotherapy-delivered intervention, based on cognitivebehavioural principles, with usual physiotherapy care in the treatment of neck pain over a 12-month period [32] . The study found an incremental mean difference in costs of À£68 (95% CI: À103 to À35), also in favour of the brief intervention (£152 in the usual care arm vs £84 in the brief intervention arm). The incremental difference in mean QALYs was À0.001 (95% CI: À0.030 to 0.028) in favour of usual care. Such a small difference in benefits meant that, in this case, results were driven by costs. Thus, the brief intervention could be the most cost-effective choice. However, there was much uncertainly around the decision and, at a willingness-to-pay figure of £30 000, the probability that the brief intervention was cost-effective was only approximately 50%. The study results were modified by an interaction between a patient's preference for a treatment and the treatment received after randomization. That is, the brief intervention seemed cost-effective for those patients who had a preference for it prior to randomization, and who were then randomly allocation to this trial arm.
A second recent study [23] reported that the use of a (nonbehavioural) brief physiotherapy advice intervention of one session was more cost effective than usual physiotherapy in the treatment of back pain over a 12-month period, but only when private expenditure was considered. From a health provider's perspective it was unclear which treatment was cost-effective, although the traditional approach had a 73% probability of being cost-effective if willingness to pay was £30 000/QALY. Interestingly, this study reported a mean cost difference of £20 favouring the brief intervention and a mean QALY difference of 0.02 in favour of traditional physiotherapy.
The findings reported here suggest there is evidence that McKenzie physiotherapy may be a cost-effective approach for the treatment of back and neck pain. It is important to note that traditional statistical inferential decision rules are unhelpful in cost-effectiveness analysis. Healthcare cost and QALYs are often secondary (if not tertiary) outcomes in randomized clinical trials which mean that trials are almost always underpowered to detect statistically significant differences in cost and effects. This trial is not an exception. Policy decisions regarding treatment for the patient group considered in this trial will rest on the best current evidence, to which this study contributes. In this sense, this study suggests that Solution Finding has a low probability of being cost-effective ($20%) when the decision maker is willing to pay £1000 or more per additional QALY.
Finally, in placing these findings in context, the aim of any cost-effectiveness analysis is to aid decision-making. In the case of physiotherapy treatment for back and neck pain, where there are a number of approaches and a large body of evaluative trials reporting a range of comparisons, it is difficult to draw firm or detailed conclusions from a single study. For example, there is evidence that spinal manipulation is a cost-effective treatment for back pain, when compared with exercise therapy and primary care treatment [22] . Yet, the relative cost-effectiveness of manipulation versus other approaches, such as behavioural interventions, is unclear. In such situations the application of more comprehensive evidence synthesis approaches to inform policy making [54, 55] allow the evidence regarding a number of treatment options to be compared simultaneously. Such analysis could be utilized further to help draw existing clinical and cost data together to aid practice and policy decision-making regarding physiotherapy treatments for the spine in general. In addition, further work is required to understand the importance of patient preference in this area.
Rheumatology key messages
The Solution Finding Approach offers a cognitive-behavioural therapy approach for the treatment of back and neck pain. Whilst the Solution Finding Approach offers a cost saving, McKenzie approach offers the greatest health outcome in terms of QALYs, and was the most cost-effective treatment in this trial. Whilst further research is required, these results should be considered further, possibly as part of a comprehensive synthesis of the evidence in this clinical area. This approach would aim to assess the cost-effectiveness of strategies investigated here against other treatment options.
